Introduction should destabilize the relationship of the axon with its ensheathing Schwann cell. We have generated mice that The Schwann cell is the major glial cell of the vertebrate lack a functional Prx gene, and we demonstrate that peripheral nervous system (PNS), where its prime functheir Schwann cells ensheath and myelinate peripheral tion is to myelinate nerve fibers and to promote rapid nerve axons in an apparently normal manner but that nerve impulse transmission. Schwann cells have a sigthis sheath destabilizes, and the mice develop a severe nificant secondary role in providing trophic support for demyelinating neuropathy. These data suggest that the spinal motoneurons and dorsal root ganglion neurons periaxins play an essential role in the establishment of (Riethmacher et al., 1997) and in promoting nerve regena stable Schwann cell-axon unit in the myelinated fibers eration in the PNS (Bunge, 1993). Hence, these versatile of the vertebrate PNS. cells play a vital role not only in the normal development In addition to reducing the rates of nerve impulse of the PNS but also in the process of repair.
transmission, segmental demyelination in human disExtracellular signals, including those from the axon, ease can be associated with tactile allodynia, the perare believed to be responsible for the induction of the ception of normally innocuous stimuli, such as touching genes required for myelination in the Schwann cell, and or brushing, as painful, and hyperalgesia, a heightened they are also thought to determine the thickness of the response to painful stimuli; however, the mechanisms of neuropathic pain in demyelinating disease are poorly understood (Rasminsky, 1981) . Importantly, we show § To whom correspondence should be addressed (e-mail: peter.
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nerve conduction velocities, periaxin null mice display reflex behaviors associated with allodynia and hyperalbreathing was labored. As soon as the animals were in obvious distress, they were euthanized. gesia. We suggest that these animals will prove to be valuable in identifying the pathophysiological basis of neuropathic pain.
Structure of the Schwann Cell-Axon Unit
We next examined the peripheral nerves of periaxindeficient mice by light microscopy to determine if the Results myelin sheath was affected. At 6 weeks of age, the sciatic nerves of periaxin null mice contained focal thickGeneration and Clinical Phenotype of Prx Null Mice To inactivate the Prx gene, we deleted exon 6 and part enings (tomacula) and infoldings of internodal myelin ( Figure 2B ). Nevertheless, Western blotting showed that of exon 7, corresponding to 611-3440 bp of the mouse cDNA, by homologous recombination in embryonic the levels of the major myelin proteins, myelin-associated glycoprotein, P0, and myelin basic protein, were stem (ES) cells ( Figure 1A) ; 2 of 130 lines, clones 57 and 83, were heterozygous for insertion at the Prx locus, normal in the sciatic nerves of mutant animals, which confirmed that at this age there had not been extensive and clone 83 was selected for further study ( Figure 1B) . Homozygous offspring lacked the 4.6 and 5.2 kb mRNAs demyelination (data not shown). A variety of spinal, cranial, and autonomic nerves also displayed limited abnorfound in the peripheral nerves of Prx ϩ/ϩ mice ( Figure  1C) , and neither L-nor S-periaxin polypeptides were malities at this age. However, by 6 months, sensory, motor, and autonomic (vagus) nerves were extensively detectable in the peripheral nerves of mutant mice (Figure 1D) . The genotypes of the progeny of mice heterodemyelinated, and most internodes in the sciatic nerves of periaxin null mice contained focal thickenings or inzygous for the mutant allele were as expected from Mendelian laws, which indicated that embryonic develfoldings of the sheath ( Figure 2D ). Profound disruption of axonal ensheathment and segmental demyelination opment was not compromised by inactivating the Prx gene. Mice homozygous for the mutant allele appeared was apparent in teased sciatic nerve fibers at this age ( Figures 2E and 2F) , and their Schmidt-Lanterman incigrossly normal for up to 6 weeks, with the exception that when lifted by the tail, they all displayed a distinctive sures, which are normally visible as cytoplasm-filled structures along the length of the internodes, were declasping of the hindlimbs from about 4 to 6 weeks of age, and some animals displayed a slight tremor. By 6-9 ranged ( Figures 2G and 2H ). Electron microscopy demonstrated that saphenous months of age, there was a pronounced unsteadiness in the mutants' gait, and they had great difficulty supportnerves, which are predominantly sensory, were extensively hypermyelinated but that unmyelinated C fiber ing themselves on their hindlimbs, which were often splayed ( Figure 1E ). Older animals (Ͼ6-9 months) lost bundles appeared to be morphologically normal, which is consistent with the absence of Prx gene expression in weight rapidly, owing to an inability to feed, and their Table 1) . The values derived from both techniques were similar, sugdamage seemed to be confined to the myelin sheath in that there was no evidence of axonal degeneration, and gesting that sensory and motor branches were equally affected in this mixed nerve, a conclusion that was supthere was no difference in the number of dorsal root ganglion neurons (L5) between wild-type controls 
Student's t test)
. Only 8% of recorded afferents in mutant cant difference in the mean conduction velocity in mutants compared with normal littermates (Prx ϩ/ϩ , 1.46 Ϯ animals had conduction velocities Ͼ6 ms Ϫ1 , and none were above 8 ms Ϫ1 , in marked contrast to wild-type 0.10 ms Ϫ1 , n ϭ 11 afferent units; Prx (Table 2) . A common feature of the saphenous nerves of both were obtained at 6 months, but the reduction in conduction velocities (67%) was more severe (data not shown). mutant animals and their wild-type littermates at 6 weeks was the presence of a spontaneous low-freThe unmyelinated fibers were also specifically investigated in 6-week-old animals, and there was no signifiquency discharge (1-2 Hz) in fibers throughout the . Prx null mice had significantly lower response of the mice in well-characterized models of nociceptive thresholds, which indicated the presence of thermal hyreflex behavior since it has been suggested that ectopic peralgesia, as well as mechanical allodynia (Table 3) . activity might contribute to pain following nerve injury As pointed out earlier, there was no evidence for sensory (Rasminsky, 1981; Tal and Eliav, 1996). At 6 weeks of neuron loss that might have led to altered reflex beage, mutant mice displayed a markedly lower threshold havior. in a reflex test of cutaneous mechanical sensation using In contrast to the lowered threshold in the nociceptive calibrated von Frey hairs applied to the saphenous terrireflex tests, mutant mice at 6 weeks displayed retory of the hindpaw (Table 3) . This was in spite of the sponses in the normal range in a mechanical grip test fact that we had already shown that the mean threshold (Meyer et al., 1979) , which indicates a lack of any overt response of hindpaw mechanoreceptors to natural memotor deficit at that age (data not shown). chanical stimuli, measured electrophysiologically in the The mechanical response thresholds ( Figure 5 ) and saphenous nerve at 6 weeks, was unchanged (Table 2) . nociceptive response latencies (Table 4) 
, 1992). This foot clasp response is also observed in ation. The mechanism by which the thickness of the myelin sheath is signaled is not known, but it is likely mutant mice with neurological disease of purely CNS origin (Chiesa et al., 1998). that it is regulated by the axon (Lemke and Chao, 1988). It may be significant that the Prx gene itself is regulated
Similar to periaxin null mice, animal models of Charcot-Marie-Tooth disease Type X (CMTX) deficient in the by axonal contact (Scherer et al., 1995) .
Many of the other well-characterized proteins exgap junction protein connexin 32 myelinate normally and show a late onset pattern of demyelination with attempts pressed by differentiating, myelin-forming Schwann 
